Abstract Chronic pancreatitis (CP) is progressive inflammatory process of the pancreas. Abdominal pain remains the most debilitating symptom affecting quality of life, apart from diabetes mellitus, steatorrhoea and weight loss. The treatment options have evolved over the past decades and are aimed to provide durable relief in pain with possible attempt to support or improve the failing endocrine and exocrine functions. Surgical treatment options have shown the potentials to provide superior long term results compared to the pharmacological and endoscopic modalities and are broadly divided in to drainage, resection and combination hybrid procedures. The choice is based on the morphology of the main pancreatic duct, presence of head mass and associated complication of CP. Knowing the basic nature of the disease, total pancreatectomy seems a curative option but not without significant morbidities. There is recent paradigm shift towards organ sparing surgical procedures with reasonable success. Despite recent advancement in the treatment modalities for CP the overall quality of life remains moderate which need further addressal.
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Background
Chronic pancreatitis (CP) is characteristically a benign inflammatory process capable of causing severe pain, diabetes mellitus, steatorrhoea and weight loss. All these cause significant reduction in the quality of life (QOL) in the patients with CP. With increasing understanding of the pathophysiology of CP, various therapeutic modalities have evolved over the last few decades. In addition to pharmacological and endoscopic modalities, the surgical drainage and resection procedures are increasingly being performed. When indicated, surgery can address wide range of clinical problems associated with CP and has the potential to provide a durable and adequate pain relief and improvement in the QOL.
Indications for Surgery
Intractable pain remains the commonest indication. Other established indications are complications of CP, which can be biliary obstruction, duodenal obstruction, symptomatic pseudocysts, internal pancreatic fistulae or pancreatic ascites that fail to resolve after adequate conservative or endoscopic treatment, symptomatic portal hypertension subsequent to splenic or portal vein thrombosis, bleeding pseudoaneurysms and pancreatic head mass or suspicion of malignancy. Other controversial indications for surgery are prevention of exocrine or endocrine deficiency.
Aim of Surgery
Surgery should deal with the pathomechanism of genesis of pain in CP to provide durable pain relief and simultaneously address the associated complication that may arise following CP. There are different hypotheses supporting the role of timely performed surgery in the preservation of endocrine and exocrine functions. By durable and adequate symptomatic relief, surgery should contribute to social and occupational rehabilitation and improvement in QOL. Decision of selecting proper surgical procedure depends on the morphology of the gland, especially the size of the main pancreatic duct (MPD); presence of inflammatory head mass; associated complications such as biliary obstruction, duodenal stenosis and pseudocysts. Patients with history of gastrointestinal bleed or established portal hypertension need careful selection. Inflammatory head mass of CP is often difficult to differentiate from malignancy, both preoperatively by radiological investigation or during surgery. Negative tissue diagnosis from the head mass obtained during surgery should be interpreted with caution due to known peritumoral desmoplasia. Although resectional procedures such as pancreaticoduodenectomy (PD) can solve such issues, the selection of such radical procedures for head mass of uncertain potential remains a difficult decision.
Surgical Procedures
Surgical interventions are broadly grouped under either drainage or resection procedure and have evolved over time to the third category of combined drainage and resection procedures. Surgical decompression of the pancreatic duct is based on the assumption that dilated duct represents intraductal or pancreatic parenchymal hypertension and is possibly one of the main reasons for pain in CP [1, 2] . The concept was first defined by Coffey [3] and Link [4] ; however, the clinical applications were shown by Duval [5] and Zollinger [6] by performing distal pancreatectomy and splenectomy, and the duct at the pancreatic tail was drained via an end-to-side pancreaticojejunostomy (PJ) known as Duval procedure (A). This procedure was theoretically effective for dominant obstruction between pancreatic tail and the ampulla. 'Chain of lakes', which is characteristically known for CP, usually has multiple ductal strictures and possibly cannot be drained adequately by this procedure which was later realized by occurrence of recurrent episodes of severe pain postoperatively. In 1956, Puestow and Gillesby (B) [7] modified Duval's procedure by adding longitudinal pancreaticojejunostomy (LPJ) with the aim to effectively drain the pancreatic duct even in the presence of multiple strictures or stones. Partington and Rochelle (C) [8] later modified the Puestow-Gillesby procedure by avoiding splenectomy and distal pancreatectomy as the part of the procedure and showed that pain relief can be achieved with LPJ alone while the consequences of distal pancreatectomy and splenectomy can be avoided.
Rationale for Resectional Procedures
Inflammatory tumour of the pancreatic head is present in 30-50% of patients with CP and has been postulated as one of the possible reasons for pain in CP, apart from that it can produce distal common bile duct stenosis, duodenal stenosis and MPD obstruction [9] . Head of the pancreas has been referred to as the 'pacemaker' of the disease [10] [11] [12] . Resectional procedures deal with the pancreatic head mass, and hence Whipple procedure (D) was employed for the treatment for CP in the past. The disadvantages of such procedure were resection of otherwise normal organs such as distal stomach, duodenum and the common bile duct. Later, ppPD (E) was attempted where the part of stomach was preserved with the hope to improve nutritional outcomes. The radicality of the procedure to an extent remained same as that of PD, although anticipated benefits were not reflected clinically. Although too radical for CP, these procedures at the same time can deal with the associated complications such as common bile duct stenosis, duodenal stenosis and internal pancreatic fistulae. Pancreatic head mass with suspicion of malignancy is best addressed by PD. Beger (F) procedure includes resection of the pancreatic head following transection of the pancreas above the portal vein while bilioenteric continuity are preserved [11, 13] . The distal pancreas is drained by a Roux loop of jejunum via an end-to-end or end-to-side PJ, and the resectional cavity at the pancreatic head is drained by the same jejunal loop by a side-to-side anastomosis to the remnant of the pancreatic tissue.
Transection of the pancreas above the portal vein is required in almost all resectional procedures, which in CP remains the most challenging part due to displacement or compression of the portomesenteric vein axis. This lead to the evolution of 'extended' drainage procedures, which deals with the intraductal and intraparenchymal hypertension along with the morphological alterations in the pancreatic head while avoiding pancreatic transaction at the neck.
Frey (G) introduced a prototype procedure that consists of coring the head of pancreas combined with LPJ as described by Partington and Rochelle, and the procedure avoids transection of the neck above the portal vein [14, 15] . Being simple to perform, it has been accepted widely and has been modified with varying extent of resection of the head of the pancreas along with the uncinate process known as Hamburg's modification. This procedure additionally deals with the duct to the uncinate process as well preserves the gastroduodenal passage and the continuity of the common bile duct, providing the physiological benefits of both Frey procedure and the duodenum-preserving PANCREATIC HEAD resection procedure described by Beger [16] .
Drainage Procedure and Dilated MPD
The diameter of the MPD varies from 3 to 5 mm [1, 2] . Debate on the size of pancreatic duct to justify candidacy for drainage procedures is not new [1, 17] . Major pancreatic centres believe that the definition of a dilated duct depends on the view of the surgeon towards the technical feasibility to perform a PJ than on its actual size. Most consider duct size of at least 8 mm sufficient to justify a PJ, whereas others regard a duct size of 5 mm as the limit to perform a drainage operation by performing a pancreatojejunostomy rather than a PJ [1] . Recently Izbicki (H) has described longitudinal V-shaped excision of the ventral aspect of the pancreas combined with an LPJ sewn to the capsule of the pancreas. It has the potential to address the rare cases of sclerosing ductal pancreatitis or 'small duct disease' with MPD diameter of less than 3 mm [18] .
Outcome of Surgery
Drainage Procedure
Lateral PJ is a safe procedure with acceptable mortality below 5%, and the short-term pain relief is about 80%, especially in patients with dilated MPD [17, [19] [20] [21] [22] [23] [24] [25] . Exocrine and endocrine functions are well preserved after surgery, since the loss of functional pancreatic tissue is minimal, but overall improvement in these parameters are debatable [21, 22] . Ongoing inflammation may continue despite surgery, which can eventually lead to gland destruction. Long-term follow-up of these patients [26] [27] [28] suggests that the pain often recurs over the period of time and approximately 40% of them complain of pain 2 years after surgery. In addition, the manifestations of biliary or duodenal stricture become evident more often in large duct CP [29] , which further limits the application of pure drainage procedures.
Resectional Procedure
Kausch-Whipple PD has evolved to be a safe procedure, especially at high volume centres with mortality rates of less than 3% [30] [31] [32] [33] . Apart from achieving the reasonable short-term pain relief, pancreatic head-related complication can be dealt with simultaneously. The longterm results in CP, however, are poor. Postoperative morbidities range between 30% and 50% [33] [34] [35] [36] with disappointing endocrine and exocrine functions as compared with other resection procedures [16, 32, 33, [35] [36] [37] [38] [39] [40] . Thus, PD is no longer a preferred choice in patients with CP. Results of ppPD over those of the classical PD are mixed, concerning its actual benefits. Although randomized controlled trials (RCTs) are available for pancreatic head cancer showing comparable results [41] [42] [43] [44] , no randomized study exists to our knowledge comparing PD with ppPD in patients with CP. Jimenez et al. [32] retrospectively studied 72 patients undergoing PD or ppPD for CP, showing comparable long-term pain relief, nutritional status, incidences of diabetes mellitus and need of enzyme supplementation after surgery. Patients undergoing ppPD showed higher incidences of delayed gastric emptying (33% vs 12%). Both these procedures were originally designed to treat pancreatic head cancers, whereas CP is a benign disease and such radical resection might be counterproductive.
Beger procedure can potentially deal common bile duct obstructions, pancreatic duct stenosis and obstruction of the retropancreatic vessels by removing the inflammatory pancreatic head mass. Procedure-related mortality varies from 0% to 2% and the morbidity between 15% and 54%. At 5 years of follow-up, pain relieve is noticed in around 80% of patients and endocrine as well exocrine functions are well preserved [37, [45] [46] [47] . In terms of QOL, 69% of patients were professionally rehabilitated and in 72% of patients the Karnofsky index was between 90% and 100% [46] . Death rates in patients with CP who have undergone Beger procedure at 5 years of follow-up have been reported to be 9-12.6% [46, 47] , which is in contrast to the reported mortality of 20-35% in patients of CP without treatment who were observed over a period of 6-10 years [48] [49] [50] . This supports the long-term benefits of Beger procedure.
Several RCTs have compared the Beger procedure with PD and ppPD [33] [34] [35] [36] [37] . Klempa et al. [33] reported comparable procedure-related mortality and morbidity rates, 100% of patients following DPPHR were pain free at the follow-up of 3.5-5 years compared to 69% following PD. Beger procedure led to a significant increase in body mass index (80% vs 29%, respectively). Büchler et al. [37] at 6 month follow-up favoured DPPHR over ppPD in terms of significant weight gain (4.4±1.0 kg vs 2.1±1.2 kg, respectively) and pain relief (74% vs 47%, respectively). Makowiec et al. [38] showed that operation time was significantly shorter for DPPHR than for PD or ppPD (368 min vs 435 min). Although better weight gain was seen in patients following DPPHR, QOL were the same between the two procedures. Whereas Witzigmann et al. [34, 35] reported better QOL in the DPPHR group, which was confirmed by Möbius et al. [51] in a non-radomized study with follow-up of 5 years. These results suggest the superiority of the organ-preserving DPPHR over PD and ppPD.
A randomized controlled study [39] comparing Frey procedure with ppPD shows significantly lower morbidity for the former (19% vs 53%), while after a median followup of 24 months both groups experienced comparable pain relief (94% vs 95%), but the QOL was better with Frey procedure (71% vs 43%). Comparing Beger procedure with Frey procedure (RCT) [16, 40, 52] , the pain relief (ranging between 93% and 95%), control of complications to adjacent organs (91% Frey, 92% Beger) and improvement in the QOL (58-67% increase in the overall QOL index) were similar. Endocrine and exocrine functions of the pancreas were not different between the two groups. There was a tendency for lower overall morbidity for Frey procedure (Frey: 9-22% vs Beger: 20-32%, respectively) [16, 40] . Although long-term results seem to indicate that both approaches might be equally effective [52] , neither procedure can be favoured over the other based on the current report.. Recently, Gloor et al. [53] introduced a modification of the Beger and Frey procedures, which combines the advantages of both (Berne modification). Farkas et al. [54] reported the results of Berne procedure in 30 patients for a mean follow-up of 10 months. All patients were symptom free, had no severe surgery-related complications and showed enhanced exocrine function with unchanged endocrine function. These findings were supported by another study by Andersen and Topazian [55] . An RCT is ongoing to compare this procedure with other forms of DPPHR (Beger and Frey) , and the reports are awaited [56] .
Izbicki procedure in 13 patients with a mean followup of 30 months shows that it is a safe (mortality 0%, morbidity 15.4%) and effective (92% relief of symptoms) alternative to other resection procedures and provides pain relief (median pain score decreased by 95%) and improvement in global QOL index by 67%) [18] .
The above-mentioned procedures are designed to treat CP with head mass. However, rare cases of CP in the pancreatic body or tail can be successfully treated by distal pancreatectomy [57, 58] , while reports of total pancreatectomy in CP have shown overall poor results [59, 60] .
Salvage Operation
Even with excellent initial outcome following surgery for CP, recurrences do occur. It raises question of proper patient selection and choice of procedure. Most of the recurrences arise in the remnant of the pancreatic head, indicating that either the surgical resection was inadequate or the disease was more aggressive. Revisional pancreatic head resection can be advised if the primary operation has left too much tissue in the pancreatic head area or alternatively ppPD/PD can be performed for definite control of the disease confined to the pancreatic head. Because none of the redo procedures are simple, they should be performed in experienced centres. Presence of biliary stricture in the pancreatic head remnant after Beger or Frey procedure without morphological proof of disease recurrence is likely due to ischaemia of the intrapancreatic bile duct. In this situation, a bilioenteric anastomosis is the procedure of choice. In case of disease recurrence of the body and tail, either after Beger procedure or after PD/ppPD, a V-shaped drainage procedure as described by Izbicki is a viable option, since the alternative of total pancreatectomy is too severe for a benign disease.
Surgery vs Endotherapy
Since the advancement in the endoscopic instrumentations, there has been emergence of endoscopic therapy for the management of pain in CP. Several reports have suggested that endoscopic therapy aimed at decompressing an obstructed pancreatic duct can be associated with pain relief [61, 62] . Few studies have compared endoscopic approaches with surgery. A recent randomized controlled Dutch trial compared endoscopic therapy with surgical drainage and suggested that surgical drainage was more effective in relieving obstruction and achieving pain relief [63] . However, most centres still attempt endoscopic therapy prior to surgery unless there is suspicion for pancreatic cancer possibly due to referral biases.
Surgery vs Neuroablative Procedures
Data of celiac ganglion neurolysis for the management of pain in CP are limited and the exact role is not clear. Endoscopic ultrasound-guided procedure has shown reasonable success and is considered least invasive and relatively safe. One-third to half of these patients have shown good reduction of pain in a short-term follow-up; however, only 10% of them seem to show a benefit at 24 weeks [64] . Many studies [64] [65] [66] show that the early good results achieved by neuroablative procedure decline with time elapsed as compared with the durable relief obtained from conventional surgical procedures. Over twothirds of patients would ultimately need surgery again [66] . Patients who are at a high risk for surgery or deny it and who those have failed to respond to surgical management can be offered neuroablative procedure, although larger data are needed to support its routine role.
Role of Pancreatic Autotransplantation
Surgery for CP has evolved towards organ-sparing procedures, preserving the body and tail of the gland. The need for extensive subtotal or total pancreatic resection is therefore very limited and should be used as a treatment of last resort because of the known severe endocrine insufficiency [50] . In the small groups of patients undergoing extensive pancreatectomy, an attempt should be made to preserve islet function by offering them pancreatic segmental autotransplantation or islet cell autotransplantation. The functional outcome of the procedure depends on the amount of residual functional islet cell mass, loss of cells during the transplant technique used and the success of the procedure itself [67] . Segmental grafts have shown better long-term function than islet cell autotransplantation; however, both techniques are evolving and more experience with them is required [68] . Although a high percentage of these patients eventually need insulin, diabetes mellitus can be prevented in some and delayed in others. Most of these diabetics are stable and easier to manage as compared with the patients undergoing total pancreatectomy and no autotransplant [68, 69] .
Quality of Life after Surgery for CP Data on QOL following surgery for CP are sparse and the results are difficult to interpret for the reason that different and non-specific questionnaires are used. A recent Dutch report [70] analyzed 155 patients following surgery for CP using validated questionnaires for a median follow-up of 5-6 years. A total of 111 resections and 46 drainage procedures were performed. Fifty-seven patients had major complications, and the hospital mortality rate was 1-3%. After surgery the number of patients needing analgesics was reduced (P < 0·001). Alcohol consumption significantly reduced pain coping mechanisms (P=0·032). In general, the QOL after surgery for CP remains poor, owing to pre-existing lifestyle and comorbidity. Patients selected for a pancreatic duct drainage procedure have a better postoperative QOL than those undergoing resectional procedures. Alcohol consumption was associated with poor ability to cope with pain after surgery. 
